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ABSTRACT
Handling History: An Exploration in the Use and Significance of 3D Printing in Museum
Exhibits
Museums have long been regarded as sacred spaces, housing a plethora of objects intended to be
admired and contemplated upon, but too often they remain physically unreachable. This thesis
project seeks to use the process of additive manufacturing, commonly known as 3D printing, to
allow visitors to establish a more personal connection with museum items. The exhibit facilitated
interaction between the Technology Sandbox and library visitors. This process included
selecting items from the collection of the Art Museum of the University of Memphis, digitizing
and printing items using the technology available in the Ned R. McWherter Library Technology
Sandbox, then creating and installing an exhibit using the genuine and replicated items in the
rotunda of the library. Additionally, the paper portion of this thesis project documents the project
methodology and details the importance of 3D printing in museum settings.
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Chapter 1. Introduction
Imagine being able to hold the skull of Jericho, play chess with the Lewis chess pieces, or
feel the individual scales of a carved snake netsuke. This is possible thanks to The British
Museum. Since 2014 the British Museum has been sharing high resolution scans of these objects
and many more. To date almost 250 objects have been uploaded just by The British Museum to
the 3D printing and designing website Sketchfab.com. During an interview with the website
Digital Trends museum advisor Daniel Prett states (in reference to the recently uploaded Rosetta
Stone scan) “This scan was part of our larger attempt to capture as many of our iconic pieces
from the collection — and indeed the unseen in store objects — and make them available for
people to view in 3D or in more tactile forms.” 1 Other museums around the world have also
begun to digitize their collections and share them on websites such as Sketchfab.com and
Thingiverse.com, a 3D printing site managed by the manufacture of MakerBot 3D printers. The
Victoria and Albert Museum, The Hermitage, The MET, and The Louvre have all applied 3D
scanning and printing technology to their collections.
As museum collections grow it becomes more and more difficult to provide access to the
whole of the collection. A March 2013 audit of the Victoria and Albert Museum in London
revealed that of the 226,747 items in the “Display Collection” only 59,597 were actually on
display. This equates to less than 3% of the total collection of 2,241,718 items held by the
Victoria and Albert.2 I find this to be a major problem in most large museums. The collection is
there to serve the community. That could mean the local community, the academic community,

1

Furness, Dyllan. “The British Museum Publishes the First 3D Scan of the Rosetta Stone Online.”

David Arnold and Jaime Kaminski. “3D Scanning and Presentation of Ethnographic Collections – Potentials and
Challenges.” p. 79
2

1

or just the people who love art and history. However, items stored in the dark of collection vaults
are not serving. Museums must pay for storage and conservation of items while maintaining a
delicate balance between what is appropriate in terms of display and upkeep for the item and
what is useful to the communities these items serve.
By using technological advancements in areas such as 3D printing and scanning,
museums can make their collections available to a wider range of the community, further
community engagement and involvement while also increasing accessibility to the collection and
preserving a digital record of the items for future generations. This technology also provides the
opportunity for museums to create virtual exhibitions to reach the digital community as well as
makerspaces within the local community. Both will help to foster interest and the growth of the
museum and the digital field.
Depending on how it is used, 3D printing and scanning are valuable resources in various
museum departments. They have applications in the education department during after school
and summer camps, allowing children access to technology often unavailable elsewhere. It can
be used in museum makerspaces to connect with museum visitors and the maker community. It
is important for people outside of the direct museum audience as well. Artists can gain access to
museum 3D scans through websites, such as thingiverse.com and sketchfab.com, and using CAD
(computer aided design) programs, can manipulate existing 3D scans, combine existing scans, or
combine an existing scan with a user-created design to produce completely new works of art.
In the collections department of museums, it has applications in recreation of museum
objects for increased interaction with the general public as well as both the physically and
mentally impaired communities including visually impaired individuals and those with learning
disabilities. It provides a physical object for those who have a tactical learning style. Printing has
2

also been used by conservators to create a “repair” or fill in missing sections of threedimensional artifacts. A scan of the original object allows designers to manufacture a piece that
exactly matches the surfaces of the damaged area. Printing can also be used in the marketing
department, as many museums already sell reproductions of items in their collection in gift
shops, generating revenue. By having access to a 3D printer, museums can create these
reproductions on demand and according to requested scale, instead of having to buy and store a
stock of items.

3

Chapter 2. Methods of Learning
Museums are considered centers for education and exploration. For most museums, the
desired end result of a museum visit involves the visitor gaining knowledge. Because this is such
a strong focus in museums, knowing the different types of learning styles and how to apply them
is crucially important. There are three main learning styles: visual, auditory, and kinaesthetic.
“Visual learners think in pictures and learn best in visual images. They depend on the
instructor’s or facilitator’s non-verbal cues such as body language to help with
understanding. Sometimes, visual learners favour sitting in the front of the classroom.
They also take descriptive notes over the material being presented. Auditory learners
discover information through listening and interpreting information by the means of
pitch, emphasis and speed. These individuals gain knowledge from reading out loud in
the classroom and may not have a full understanding of information that is written.
Kinaesthetic learners are individuals that are learn best with an active “hands-on”
approach. These learners favour interaction with the physical world. Most of the time
kinaesthetic learners have a difficult time staying on target and can become unfocused
effortlessly.”1
According to research cited in the Journal of Studies and Education, only 20-30% of school age
children are auditory learners, 40% are visual learners, and 30-40% are tactile/kinaesthetic or
visual/tactile learners. For grade school children the most frequent learning styles are visual
(30%) or mixed (30%), followed by auditory (25%), and then by kinaesthetic (15%). Very young
children are often the most tactile/kinesthetic, that there is a gradual development of visual
strengths through the elementary grades, and that starting in the fifth or sixth grade is when
children begin to learn and retain information through the auditory sense. The study also cites
that strong readers generally prefer to learn through visual and auditory senses, while poor
readers have a stronger preference for tactile and kinesthetic learning.2

1

Abbas Pourhosein Gilakjani, "Visual, Auditory, Kinaesthetic Learning Styles and Their Impacts on English
Language Teaching," Journal of Studies in Education 2, no. 1 (2011): 106.
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There are two main reasons determining and acknowledging learning style in museums is
important. First, learning styles vary from person to person. Museum visitors vary greatly in how
they take in and process information. By catering to multiple learning styles, museum exhibits
can prevent becoming boring and monotonous to the other visitors. Second, knowing how
visitors with different learning styles absorb information allows museums to cater exhibit
information to reach each learner in a different way.3 This may mean exhibit designers provide
the same or similar information via an audio/video format, a text format, or a hands on activity in
order to get the concept across to the widest range of visitors possible.
Another type of learning to take into consideration is experiential learning. Experiential
learning is the process of creating knowledge through experience.4 In an experiential learning
setting, users can come into direct contact with the subject or item they are studying. During
experiential learning, learners can ground their understandings and new discoveries within their
own previous concrete experiences to construct ideas and relationships actively in their own
minds.5 This direct contact can take the form of a hands-on activity or a live demonstration that
interacts with the museum visitor. The most important aspect of experiential learning is that it is
participatory, leading to a more enriched learning experience.
The importance of learning styles and experiential learning very easily plays into the
museum atmosphere. When designing and setting up exhibits, allowing users to get hands on
experience with museum items or replicas increases the relatability of the items. By studying the

3
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Language Teaching," Journal of Studies in Education 2, no. 1 (2011): 109.
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best way to interact with the different learning styles, museum staff can implement exhibits with
as few barriers as possible to foster an immersive learning environment.
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Chapter 3. 3D Technologies
As museums digitize their collections it opens new possibilities and the ability to reach
new audiences. Virtual exhibitions – ones hosted entirely online – have the potential to reach a
much wider audience geographically than a static or even traveling exhibition. Access to the
museum collection can be restricted by location of the user, museum access hours, and financial
limitations.1 On average museum visitors spend 15 to 32 seconds on each item, which includes
viewing an object and reading the label.2 Whether they are moved along by members of their
group, other patrons of the museum, or a rushed timetable it is apparent that museum goers feel
the need to quickly absorb the information and object and then move onto the next item. By
moving the exhibition to the digital realm there is no longer a limit on the amount of time users
can interact with an object, the number of times they can return to an object, or a limit to the
amount of information that can be provided. Online curators can include a highly detailed
account of the object, links to similar items in the collection or around the world, or a 3D model
of the location the artifact was created, used, or discovered. This provides users with context for
items and an amazingly in depth look at the history and breath of a museum’s collection.
3D scanning is the process of capturing the image of an item or location from multiple
angles and compiling the information into a digital representation. Typically, 3D scans can be
controlled by the end user so that they are able to zoom in and out on specific area of the item or
location, digitally remove color to better see the texture of an item, turn the item upside down to
see maker’s marks or other information that is not easily accessible when artifacts are statically

David Arnold and Jaime Kaminski. “3D Scanning and Presentation of Ethnographic Collections – Potentials and
Challenges.” p. 92
1

Megan Hancock, “Museums and 3D Printing: More Than a Workshop Novelty, Connecting to Collections and the
Classroom.” Bulletin of the Association for Information Science and Technology 42, no. 1 (2015): p. 32
2
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displayed in cases, and digitally separate or manipulate the object. The end user of the 3D scan
has an amazing amount of control in the way they view and interact with the item or location
without the possibility of damage that would come with handling the actual item.
There are two main types of 3D scanning: contact and non-contact. In contact scanning a
rod is moved over the surface of the item, maintaining contact the entire time and sending the
information back to a computer to be analyzed and a digital 3d model built. While this type of
scanning is highly accurate there are limitations. Many museum items are too delicate to be
handled in this way. For those items non-contact scanning is the better option.
There are two categories of non-contact scanning. The first involves shooting a laser or
light in (either a ray as with laser point scanning or as a pattern as with structured light
scanning)3 at the object and then creating a map of the surface by measuring the speed in which
the light returns (as with laser point scanning) or by the amount of distortion caused by the object
(as in laser triangulation and structured light scanning).4 This type of scanning can create 3D
models with an extremely high level of accuracy down to the sub-millimeter level.5 However,
this type of scanning does face some challenges when presented with highly reflective or
translucent surfaces (such as the bronzes discussed below) which can cause the light pattern to
reflect or refract in a random manner.6

3

“3D Scanning Technologies.” Aniwaa, 2018
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Cultural Heritage Applications.” Journal of the American Institute for Conservation 48, no. 2 (2009): 142
6
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The other form of non-contact scanning utilizes photographs taken from multiple angles
to digitally recreate an item. Non-contact scanners range from handheld devices to devices
mounted on a moving arm or a drone.7 There are even applications (apps) such as Trino and
3Dscanr that can be installed on mobile phones and use photogrammetry (multiple photos of all
sides of an object) to create a 3D scan an object.8 Because these apps are free and accessible to
many this is one of the most popular forms of 3D scanning, even though the quality is not as high
as some of the other scanning methods. Despite the lesser quality, these mobile apps provide an
excellent opportunity for museums to connect with their audience. By informing museum goers
of these apps and inviting them to scan gallery objects and share them to sites like Sketchfab and
Thingiverse the museum establishes a conversation between patro(n), object, and museum staff
and acts as a guide to beginning in the world of 3D scanning.
In addition to scanning objects, researchers are using 3D technology to scan entire
archeological sites. In 2010, the Computerized Archaeology Laboratory (CAL) was established
at the Institute of Archaeology at The Hebrew University of Jerusalem.9 On top of 3D scanning
sites, CAL has used 3D scanners to complete digital archeological records for over 30,000
pottery fragments and 3,000 stone tools and continues to use this technology daily.10 In Iraq, the
Center of Preserving of the Cities Heritage and Identity (CPCHI) at International Energy and
Environment Foundation (IEEF) has been using multiple 3D technologies to preserve and

Melvin Wachowiak and Karas Basiliki. “3D Scanning and Replication for Museum and
Cultural Heritage Applications.” Journal of the American Institute for Conservation 48, no. 2 (2009): 142
7
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Leore Grosman, and others, eds. “Archaeology in Three Dimensions.” Journal of Eastern Mediterranean
Archaeology & Heritage Studies 2, no. 1 (2014): 48
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recreate sites of historic and cultural value.11 This allows these sites to carry on even after being
ravaged by time, neglect, and war. By pairing the 3D scans with 3D printing, museums can
quickly and relatively cheaply, bring historically relevant sites from all over the world to their
community in a way that is more relatable than sketches, photographs, or architectural layouts
can provide.

12

Figure 1
A 3D scan of the Great Mosque of Samarra

It is a common practice for museum objects to be photographed. While the process is
relatively quick when compared to 3D scanning, many of the details such as depth and texture

Maher A R Sadiq Al-Baghdadi. “3D Printing and 3D Scanning of Our Ancient History: Preservation and
Protection of Our Cultural Heritage and Identity.” International Journal of Energy and Environment 8, no. 5 (2017):
441
11

Maher A R Sadiq Al-Baghdadi. “3D Printing and 3D Scanning of Our Ancient History: Preservation and
Protection of Our Cultural Heritage and Identity.” International Journal of Energy and Environment 8, no. 5 (2017):
452
12
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are lost. The figure below is a comparison between a conventional photograph and a 3D scan of
the same item. The level of detail in the 3D scan is much greater. Having access to this level of
detail can assist researchers and conservators in noticing features not visible in the flat
photographic image.

13

Figure 2
Photographic image (left) vs 3D scan (right)

One common problem with all forms of 3D scanning technology is the level of difficulty
required to capture an accurate scan of a reflective or translucent object. The Milwaukee School
of Engineering’s (MSOE) Rapid Prototyping (RP) Center came up with one solution to this
problem when they created a 3D scan data of a 19th century Edgefield face jug.14 The jug was a

David Arnold and Jaime Kaminski. “3D Scanning and Presentation of Ethnographic
Collections – Potentials and Challenges.” p. 86
13

14

“An Introduction to 3D Scanning.” Creaform. 2015: 24
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part of the exhibition Face Jugs: Art and Ritual in 19th Century South Carolina. Normally a
highly reflective item like this would be covered in a powder to reduce the reflectivity; however,
this jar was deemed too fragile and too valuable a piece to take that route. Instead MSOE
covered the original item in a fine black mesh fabric with target dots to serve as reference points
for the 3D scanner. The final scan was 3D printed and finished with electroplating, then used as
part of the exhibition.15
3D scanning can bring museum visitors closer to artifacts. The usage of touch screen
devices such as iPads and tablets that can connect museum goers to a digital image of items on
display can provide an up-close view of artifacts typically only seen through cases. Allowing the
user to move the 3D model and see the item from all sides provides a new level of interaction
and brings the user closer to the object. This is also an opportunity for the museum to provide
more information on the object than can fit on a physical label.
Another benefit for museums utilizing 3D scanning technology is the ability to digitally
recreate and restore broken artifacts. The 3D model allows conservators to digitally reconstruct
broken parts or plan precisely how to recreate missing pieces without the need for the artifact to
be moved from storage and handled, causing more stress on the item.16 When paired with 3D
printing conservators can minimize the potential damage ensuring a perfect match with
replacement pieces made from 3D scans. It could also completely negate the need for actual
physical restoration if missing components are restored digitally and the item is only needed in
digital form.

15

“An Introduction to 3D Scanning.” Creaform. 2015: 24
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3D printing is the process of creating an object by laying down or solidifying many
extremely thin layers of the chosen material. The materials and processes can vary by the type of
printer. There are various types of 3D printers using lasers, heat, or other agents to bond together
the material being printed. The most common form of 3D printing is the extrusion method. This
method employs an extruder to combine or melt the material and then expel it into the correct
location on a platform, creating the desired shape.17
It is directed by a digital mockup of the final project which can be created and
manipulated using CAD (computer aided design) software. Websites like Thingiverse and
Sketchfab contain thousands of ready to print 3D models while the website TinkerCAD allows
users to create their own modes from scratch or from various parts plundered from existing
models. Though plastic is currently the most commonly used material, printers can also print
using wood, metal, ceramics (ceramic items still must be glazed and fired after printing), paper,
food, and biomaterials (for medical and consumption purposes).18
There are multiple applications for 3D printers in museums. In 2015 the Art Institute of
Chicago conducted a research project funded by a year-long IMLS Sparks Grant that focused
specifically on evaluating the potential impact of 3D technologies in terms of broader audience
engagement with museum collections.19 There were five sessions involving different
populations of the museum community- family, adult, teen, tween, and educator- that varied in
mode, duration, and size.20
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“The Free Beginner’s Guide.” 3D Printing Industry.
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3D printers can recreate, in high levels of detail, objects from the museum’s collection.
These recreations can be used on tours and in the gallery to help visitors connect with museum
pieces on a physical level. This allows visitors to engage in a conversation with the item in a
very personal way while having the added benefit of keeping the original object safe. Thus,
museums can connect with the visually impaired community, a group of people often bypassed
when designing exhibits centered around objects. Having item replicas able to be touched allows
for the transfer of information through senses other than sight and allows visitors to experience
the object in more direct ways. This also engages the audience and brings about the opportunity
for close examination and human interaction.
One of the events to take place during the Museum3D project was a guided gallery tour
called “Hands On!” for adults with dementia, Alzheimer’s, and visual impairments. The visitors
listened to the tour guide describe the objects and then were given the opportunity to hold and
examine 3D replicas printed in plastic. While not being able to print an item in the exact material
in which it was created can potentially be a drawback, here it guided the conversation in
numerous ways:
“We learned that the replica objects, despite being different sizes, weights, and
materials from the original objects—and despite being copies of the original—were fully
welcomed by participants. A museum educator observed that “[participants] asked
questions about the original object’s material, suggesting recognition that the plastic 3D
model was of a different material and knowing the original material was important. Not
that the plastic material was inherently inferior! The difference in material became a
vehicle for engagement.”21
By sharing the experience of art though the act of touch museum staff was able to more actively
engage visitors.

21
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During the session of Museum3D geared to teens, called “Teen Lab,” participants were
given the chance to scan, design, and print using 3D processes. This fostered a connection
between the participants and the museum staff and artists. Multiple Teen Lab participants cited
the ability to work with 3D processes as easy to learn and easy to use. Upon review one Teen
Lab participant stated “This [3D printing] gives everybody a chance to be an artist.”
For the local community surrounding the museum to benefit directly from 3D
technologies there needs to be some form of interaction with it. As shown in the Museum3D
project described above, getting people involved in the making process helps them to grow and
learn. Though it takes planning, preparation, and training of museum staff most people who
come to museums are willing and excited to interact with this emerging technology. In the family
session of Museum3D titled Diwali Family Festival there were a total of 671 participants in less
than a five-hour span.22 Activities included posing like museum works to be 3D scanned and 3D
modeled and printed demonstrations using 3D printers by a local artist.
Since 2011 The Institute of Museum and Library Services (IMLS) has invested over $10
million in grants supporting learning through makerspaces in museums and libraries.23 Their
purpose is to create spaces where people can follow their passions and learn how to use both
traditional and digital media to create. In their publication Making + Learning in Museums and
Libraries IMLS partnered with The Children’s Museum of Pittsburgh to break down the key
components makerspaces need to have a positive impact on their local community. They
analyzed multiple case studies involving people of all ages, races, and social backgrounds to

22

Liz Neely. “Museum3D: Experiments in Engaging Audiences Using 3D.”

23

“Making.” IMLS.

15

determine the three key components in thriving makerspaces: purpose, people, and parts and
pieces.24 The publication helps museums answer the questions of why makerspaces are important
and what framework needs to be established for makerspaces to successfully engage the local
community. In one case study Chicago’s MakerLab found that their patrons represented all
demographic measures demonstrating they had indeed achieved their goal of broad access and
inclusivity.25 To further measure the impact Maker Lab had they had participants fill out surveys
relating to their maker experience. The following are just some of the positive benefits reported:
• Improved ability to use digital design software, such as Inkscape and Sketchup. •
Improved ability to use digital fabrication technology, such as 3D printers and vinyl
cutters.
• They made something while in the Lab, thereby boosting their creative confidence.
• They worked collaboratively in the Lab, thereby creating a greater sense of belonging.
• Increased understanding of the maker movement, the technologies they employ and
improved connection to the Chicagoland hacker/maker community and spaces.
• Plans to pursue the creative and career interests fostered by the Maker Lab through
enrollment in classes, membership in makerspaces or self-directed study.26

24
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Through hands-on learning and makerspaces can connect formal and informal learning. Through
makerspaces museums have a chance to facilitate this connection and inspire a new generation,
making museums fun and creative spaces and building a connection with the community.
Both 3D scanning and printing can bring museums closer to the community of
researchers and historians that depend on them for access to collections. By sharing their
collection in a digital format, they encourage research, replication and collaboration. By
employing 3D technologies such as 3D scanning and printing museums can engage a wider
range of community members than ever before, both in person and online. The 3D experience
allows the museum visitor to choose the level of involvement with which they are comfortable.
By taking control of their level of participation, they can actively participate in a dialogue with
museum objects leading to a more fulfilling experience. This active participation could lead to a
reduction in museum fatigue, making visiting collections a less overwhelming experience and
encouraging repeat visits. This will allow museums to foster a community of historians, artists,
and makers ensuring the continued support from both a local and global community.

17

Chapter 4. The Exhibit

Working with the objects and art of the past does not mean that methods must also be
those of the past. Keeping up with new and emerging technologies is important for remaining
relevant in most industries, but especially in the museum world. 3D scanning and printing are
key tools for museums to improve access and outreach. The goal of my project was to create an
exhibit using objects available in the collection of the Art Museum of the University of Memphis
(AMUM)1 that would demonstrate a technique that museums could incorporate using these tools
to make museum objects more relatable and accessible, as well as educate students on the
features available through the Technology Sandbox2 on the University of Memphis Campus. In
order to gauge student interaction with the exhibit, a short survey was presented both digitally
and in paper form to give exhibit viewers a voice on what they liked/didn’t like and how
knowledgeable they were regarding university resources.
I selected objects for my exhibit from the collections housed at the AMUM.3 I used the
museum’s cataloging software, Past Perfect, to survey images of the items in the collection. I
originally intended to create an exhibit of reproductions of the masks in the AMUM’s African
collection. I initially wanted items that people could interact with and that were somewhat
familiar. I was forced to discard this plan as all the masks in the collection are too large to fit on
the 3D scanner at the university’s Technology Sandbox. My second group of items had a theme
of everyday objects from ancient Greece. This grouping was discarded as well; all the items were

1

Many thanks to Dr. Leslie Luebbers, director of the Art Museum of the University of Memphis for her support,
guidance in this project and for allowing me access to the AMUM’s resources, including staff and items. With out
the support and assistance of the AMUM this exhibit would not have been possible.
2

Thanks also go to Casey Parkman of the Technology Sandbox for providing equipment access and instruction.

3

Please see Appendix 1 for pictures of the scanning and printing process.
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too small or made of a difficult to scan material such as bronze or glass.4 The 3D scanner was
unable to accurately capture enough detail to create the required model (see Figure 1).

Figure 3
Incomplete 3D scan of a bronze

Going back to the AMUM collections a third time, I selected items based on their size
and material. The items that ended up in the exhibit are split into two categories: Pre-Columbian
objects and African Passport Masks. The Pre-Columbian selection includes a ceramic bat claw
vessel (1990.5.11), a stone lip/ear plug (2003.1.167), a stone or ceramic spindle whorl
(2003.1.173), and a ceramic stamp (2003.1.257). The African Passport Masks category includes
two small wooden Dan passport masks (2006.4.1 and 2006.4.3) from Liberia in West Africa.
Upon approval of a 3D print themed project, I instantly knew the exact location to hold
the exhibit. Off the rotunda on the first floor of the Ned R. McWerter Library is the Technology
Sandbox. The Technology Sandbox is an area where students, faculty, and staff can go to learn

4

According the MakerBot website, scanning metals is difficult due to the reflective nature of the items. Items can be
dusted with powder (cornstarch is suggested) to improve image capture. Due to the delicate nature of the items, it
was decided between the AMUM staff and myself that it was too great a risk to coat and items in the museum’s
collection. Therefore, and bronze items were discarded as possible selection items.
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to use various types of technology, including 3D scanners and printers. I wanted the exhibit to
act as a bridge between library visitors and the Technology Sandbox, making the rotunda the best
site for the exhibit. After filling out the necessary forms and providing a sketch of my original
floor layout, I was given approval to set up the exhibit in the rotunda.5
To prepare for the exhibit, I selected cases from the AMUM’s stock. My original exhibit
layout included six pedestals with acrylic hoods for the museum items and six slightly shorter
pedestals with no hood for the 3D-printed items. These would be set next to each other in a semicircular layout in the rotunda of the library with freestanding signs holding the exhibit labels.
Upon taking stock of the museums case selection I had to re-examine my layout. Ultimately, I
chose two 3x2 ft cases, one with an acrylic hood to display the museum objects, and one without
to display the 3D-printed items. I also selected a smaller case to hold the exhibit panels, credit
panel, and survey forms. After observation of the flow of traffic in the proposed area, I organized
the exhibit so the museum items were in the center, the 3D-printed items to the left, and the
exhibit labels to the right. This was done to capitalize on the heavy flow of traffic through the
door into the computer area. The area for the exhibit was chosen for its proximity to the
Technology Sandbox and the proximity to the computer area in the library. Due to the size of the
area, I limited the exhibit to three cases to reduce crowding the area.
After the items were selected and approved, they were packaged by myself and AMUM
staff members Paige Brevick, Jennifer Draffen, and Neil O’Brien for transport and hand carried
to the Technology Sandbox in the Ned R. McWherter Library. For transport and scanning the
items were split into two groups. The first contained the African Passport Masks (2006.4.1 and

5

Many thanks to James Singleton, Facilities Manager for the Ned R. McWherter Library, who worked with me on
securing a place in the rotunda for the exhibit and ensuring I would have the space necessary to see this exhibit come
to completion.
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2006.4.3), the spindle whorl (2003.1.173), the lip/ear plug (2003.1.167), and the ceramic stamp
(2003.1.257). After these items were scanned and returned to the AMUM, the bat claw vessel
(1990.5.11) was brought over separately, in its own packaging. After scanning it went
immediately back to the AMUM’s item storage. I scanned the items one at a time on the
equipment available, a MakerBot Digitizer. This is a small device with two lasers, a camera, and
a rotating platform (see Figure 2).

6

Figure 4
Laser 3D scanner

Each item was placed on the platform and one laser at a time was turned on. As the object
was rotated the camera took a picture. After the item is completely photographed under one
laser, the same process was repeated using the second laser. These two sets of photographs were
combined by the MakerBot software to create a 3D map of the object. If one set of images was

6

Image from https://www.3dnatives.com/en/3d-scanner-laser-triangulation080920174-99/
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not enough to capture a complete map, the item was physically rotated and scanned again to
capture another set of scans to complete a more accurate image of the item. The MakerBot
Digitizer 3D scanner only captures data to create a 3D map (sometimes called a skin) for the
object. It does not capture details such as color or intricate surface decoration or texture. This
scanner used is low quality compared to ones typically found in museums already utilizing this
technology, which may have higher resource levels, and is marketed towards the hobby 3D
printing market. Unfortunately, the limitations of this scanner lead to detail loss during scanning.
The inscribed spindle whorl (2003.1.173) and portions of the stamp (2003.1.257) had the most
noticeable loss of detail even after multiple scans.
Once I had a satisfactory scan of each of the six items, I began the 3D printing process.
The Technology Sandbox owns two 3D printers and I used both to print the items for this
exhibit. The 3D printers are also manufactured by MakerBot and are the Replicator+ models.
These types of 3D printers use the extrusion method to create items. (See Figure 3)

7

Figure 5
Extrusion method of 3D printing
7

“The Free Beginner’s Guide.” 3D Printing Industry.
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PLA plastic filament is fed through a tube to the snap on extruder. The nozzle of the
extruder heats up to a temperature of 215° F melting the filament to a soft, pliable state. The
extruder is attached to an arm above a raising and lowering platform. This arm allows the
extruder to precisely control the placement of the melted filament as it is heated. The filament
solidifies seconds after leaving the extruder which allows the printer to build layer upon layer of
filament, creating an item. Typically, the item is a solid skin with an internal honeycomb or grid
structure to save material, however items can be printed completely solid inside for additional
strength. (See Figure 4)

Figure 6
Strengthening internal grid on the bat claw vessel (1990.5.11)
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To print my items, I started by opening the scans in the MakerBot software and making
sure the dimensions of the 3D map created by the scanner matched the dimensions of the original
item. After verifying this, I connected the required pieces (the extruder snaps on and off and
must be checked out from the library circulation desk) and started the printing. Print time varied
from approximately three hours for the spindle whorl (2003.1.173) to nine hours for the bat claw
vessel (1990.5.11). All the items are recreated exactly as scanned in with the exception of the
Pre-Columbian bat claw vessel (1990.5.11). The original vessel displayed in the show is hollow,
but the 3D-printed copy is not. Due to the fragile nature of the item, it was not safe to rotate it to
its side to capture the hollow inside in a second set of scans as done for other items. The 3D
scanner captured it as a solid item and created a map where to top of the vessel appeared solid. I
used TinkerCad software provided by the Technology Sandbox to hollow out a section of the 3D
model to give a better idea of the item. It is by no means an exact copy of the inside, but it is as
close as I could get while still respecting the original piece.
I chose to print all the items in the same color even though there is a variety of colored
filament available. The bright blue was picked for two reasons: the bright color would help the
items stand out and grab the attention of people passing by, and there were two spools of the
color so I was certain I would be able to create all my objects in one color, giving the exhibit a
uniform look.8

8

Please see Appendix 2 for pictures of the final exhibit.
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Chapter 5. Survey
As a research gathering tool, I created a brief six question survey to analyze the impact of
this exhibit in regard to the AMUM and the Technology Sandbox. I made the survey available
online through surveymonkey.com via QR code and in a paper format at the exhibit. The paper
copy was by far the most popular way of completing the survey. The questions are as follows:
•

Have you ever visited the Art Museum of the University of Memphis (AMUM)?

•

Do you feel you have a better understanding of these objects by being able to physically
interact with them?

•

Is there anything else from the AMUM collections you would like to see recreated?

•

Before this show were you aware that all university students have free access to the 3D
scanners/printers on campus?

•

How likely are you to visit the Technology Sandbox to explore 3D printing further?

•

Do you have a favorite part or item from this exhibit?
Three weeks into the exhibit, April 22, 2019 I had collected twenty responses. While this

is less than I hoped for, it is still enough to calculate some response to the exhibit. I calculated
the average number of viewers for a typical Monday through Friday to be approximately
fourteen. This is based on watching the exhibit for 8 hours on a weekday and counting the total
number of people that interacted with the exhibit. The results are graphed below.
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Table 1
Have you ever visited the Art Museum of the University of Memphis (AMUM)?

Question one determined that most of the visitors who filled out the survey had visited
the AMUM previously. Most of the visitors who filled out the survey had visited the AMUM
previously.
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Table 2
Do you feel you have a better understanding of these objects by being able to physically
interact with them?

In question two, seventeen of the twenty visitors (85%) indicated it helped them to
understand the objects better. Making the objects more understandable was one of my major
goals for this exhibit and according to the survey, it succeeded.
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Table 3
Is there anything else from the AMUM collections you would like to see recreated?

The only suggestions for question three were “African Artifacts” and “Maxulos.” I am
not sure about Maxulos (a google search corrects to Maxilos, a video game character), but it
seems there is interest in making the African Collection more accessible via 3D printing and
scanning. Many of the responses we some form of no. This could indicate that there is no interest
to see other objects recreated or, more likely, that visitors are not familiar enough with the
AMUM collection to make suggestions.
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Table 4
Before this show were you aware that all university students have free access to the 3D
scanners/printers on campus?

Many of the survey respondents were aware that there is access to 3D scanning and
printing on campus. Upon reviewing this data, I wish I had included questions on how often they
have visited the Technology Sandbox in the past or if they have any prior experience with 3D
printing or scanning.

29

Table 5
How likely are you to visit the Technology Sandbox to explore 3D printing further?

Question five measured how likely a person was to visit the Technology Sandbox after
viewing the exhibit. The response was mostly positive with fourteen people stating that they fell
somewhere between very likely and somewhat likely to visit and only six survey participants
stated they were unlikely to visit.
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Table 6
Do you have a favorite part or item from this exhibit?

I included question six to try to determine what the preferred part of the exhibit was. I left
the question open instead of guiding visitors to select the 3D printing aspect vs the original
objects. This gave me a wide range of responses and led me to consider including some aspects
in future exhibits I had not previously considered. The stamp print was the object named
explicitly the most times (three). One of the answers given to the last question was “The chess
pieces.” The Technology Sandbox staff has printed games that they make available on the
common area tables in the rotunda. This includes a chess set, tic tac toe, and checkers. After
reading this comment I realized the visitor thought the games were part of the exhibit. This is a
great idea that I wish I had before the exhibit. It would have allowed me to demonstrate some of
the other practical applications for 3D printing and it would have given me more space to
provide information on the 3D printing process.
Feedback to question six also indicated that some of the visitors were unhappy with the
use of plastic for the replicas. While there are 3D printers capable of printing in mediums such as
clay, wood, or marble, the restrictions on the equipment in Technology Sandbox necessitated the
use of the provided filament. I can certainly sympathize with the visitor who thinks “Plastic is
yucky,” but I believe in this circumstance the loss of authenticity associated with the plastic
31

replica is an acceptable tradeoff for being able to increase the relatability to fragile objects. Other
materials could be substituted in 3D printing to make replicas feel more authentic.
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Chapter 6. Conclusion
I learned a great deal about designing and installing museum exhibits, the way people
absorb and process information, and 3D technology over the course of this project. The ability to
have a hands-on experience with exhibit creation revealed the many different facets of museum
exhibits and the large amount of work that goes into designing and installing even the smallest of
exhibits. There are a few things I would change after wrapping up the exhibit. The most
significant change would be the addition of a basket or drop box for the survey results. The other
would be the addition of a sign indicating that viewers could touch the 3D prints.
Through the exhibit “Handling History” I gained hands on experience with exhibit
creation and execution from start to finish. The exhibit incorporated campus resources outside of
the museum setting and connected the student body to new technological experiences, increasing
awareness for both the AMUM and the Technology Sandbox. I encountered challenges with the
technology and resources available but ultimately, I created an exhibit that met my original goal
to facilitate interaction between the student body and the AMUM via an interactive exhibit.
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Appendix 1
Photos of the Scanning and Printing Process

Figure 7
Scanning the Pre Columbian stamp (2003.1.257)

Figure 8
Scanning the Pre Columbian stamp (2003.1.257)
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Figure 9
Scanning the Pre Columbian lip/ear plug (2003.1.167)

Figure 10
Scanning the Pre Columbian lip/ear plug (2003.1.167)
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Figure 11
Scanning the Dan Passport Mask (2006.4.1)

Figure 12
Printing the Dan Passport Mask (2006.4.1)
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Figure 13
Printing the Dan Passport Mask (2006.4.1)

Figure 14
Printing the Pre Columbian stamp (2003.1.257)
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Figure 15
Printing the Pre Columbian bat claw vessel (1990.5.11)

Figure 16
MakerBot digital skin of bat claw vessel scan (1990.5.11)
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Figure 17
MakerBot digital skin of Dan Passport Mask (2006.4.1)

Figure 18
MakerBot digital skin of Dan Passport Mask (2006.4.3)
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Figure 19
MakerBot digital skin of Pre Columbian lip/ear plug (2003.1.167)

Figure 20
MakerBot digital skin of Pre Columbian stamp (2003.1.257)
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Figure 21
MakerBot digital skin of Pre Columbian spindle whorl (2003.1.173)
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Appendix 2
Final Exhibit Pictures

Figure 22
View of Handling History
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Figure 23
View of Handling History title label
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Figure 24
View of Handling History information label for Dan Passport masks
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Figure 25
View of Handling History information label for Pre Columbian items
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Figure 26
View of artifacts
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Figure 27
View of artifact prints with information on the 3D printing process
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Figure 28
View of artifact prints with information on the 3D scanning process
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Figure 29
Final print of Pre Columbian stamp (2003.1.257)

Figure 30

52

Final print of Pre Columbian bat claw vessel (1990.5.11)

Figure 31
Final print of Pre Columbian lip/ear plug (2003.1.167)

Figure 32
Final print of Pre Columbian spindle whorl (2003.1.173)
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Figure 33
Final print of Dan Passport mask (2006.4.3)

Figure 34
Final print of Dan Passport mask (2006.4.1)
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